In recent years, some of the canning companies have found it difficult always to secure a sauerkraut of good flavor, texture, and color. One of the difficulties encountered, has been the occurrence of a sauerkraut with a well defined pink or salmonpink color. Although not unfit for food, this pink colored sauerkraut is an undesirable product as it must be sold at a price lower than that obtained for white kraut.
From a review of the literature, it seems probable that microorganisms are involved in the formation of the pigment. In 1904 Butjagin, and a year later, Wehmer called attention to the occurrence of pink producing organisms in sauerkraut. Henneberg in 1916 reported that the addition of 1.2 per cent of lactic acid to cabbage resulted in the production of a reddish colored kraut. The presence of large numbers of yeasts in sauerkraut, and in a few cases of pink yeasts, has been reported by various investigators. The distribution of these pink yeasts in nature and the factors that influence pigment formation have been the source of much study. Gr6sbusch (1915) isolated from apples a colorless torula which under certain conditions formed a deep red pigment. Some of the conditions which he found favorable for pigment production, were low sugar content, certain kinds of sugars, and a slightly acid reaction. Beijerinck (1919) decribed a yeast producing a colorless substance which became a deep red pigment in the presence of oxygen and iron salts. A complete discussion of the literature of the pink yeasts will be found in the papers of Will (1907; 1912) , Pringsheim and Bilewsky (1911) . In view of the occurrence in practise of the colored sauerkraut it becomes a matter of some importance to discover the cause, and if possible, the remedy for this undesirable type of fermentation. Chemical analysis failed to show any striking difference in composition between the normal and the pink sauerkraut. Later analyses of other samples indicate that the figures given above are fairly representative of the two kinds of sauerkraut. The results of the bacteriological analyses are of more significance and show that the colored kraut is much richer in microorganisms. By means of direct microscopic mounts from the normal kraut it was found that there was a preponderance of rod-formed bacteria while the pink kraut contained yeast cells almost exclusively. The enormous number of yeast cells in the juice of pink kraut suggested that these organisms might be the cause of the pink pigment. Prompted by. the fact that yeasts are usually present in high numbers in pink sauerkraut a great number of dilution plates were poured. Almost without exception the colonies on these plates consisted of yeasts2 but rarely was any pigment developed.
EXPERIMENTAL
Many samples of pink sauerkraut were plated and from well isolated colonies transfers were made to glucose yeast-water agar slants. In general these yeasts from pink kraut showed little if any color on agar slants. A few transfers gave a pale pink color. From a large number of cultures three pink colored colonies were selected for further study, numbered 24-1, 85-1, and 95-6. These strains show a difference in color; 24.1 and 2 The term yeasts in this paper is used to designate the true saccharomycetes and also those which do not form ascospores, the torulae. It is probable from the results of previous workers that these pink yeasts are properly termed torulae.
95.6 are a salmon shade of pink and 85.1 is a magenta shade. In form these organisms vary from round to oval, but elongated cells were the most abundant.
Factors that influence color Oxygen. The influence of oxygen on the production of pigment by these yeasts was determined by growing the cultures in the air, and in a desiccator where only a limited supply of air was available. In the presence of air the growth and pigment production was good while in its absence a fair growth and no color was obtained. When these colorless tubes were exposed to the atmosphere a salmon-pink color developed rapidly usually within one to two days. The influence of oxygen was also noted when kraut was exposed to the air, e.g., pale pink kraut turned a deeper color after a few minutes exposure.
Reaction. The reaction of the medium for cultivating these organisms was varied between the pH values of-6.5 and 7.2. Pigment was formed in all cases and approximately to the same extent. At a reaction of 5.5 the growth was not so rapid, but the color was somewhat more brilliant.
Temperature. The influence of this agent on color formation by these yeasts was studied at 180, 220, 280, and 370C. Only a very scanty growth was noted at 370C, a profuse growth at 220 and 280C, and a fair growth at 180C. The deepest pigment was found in the tube cultures at 220C. and next in intensity of color, at 280C. Although the higher temperature of 280C. resulted in a profuse growth the pink color was not nearly so noticeable as at lower temperatures. Apparently about 220C. or 71°F. gave the most marked color.
Iron and manganese salts. The influence of iron citrate, iron ammonium citrate, iron lactate, iron sulphates, and manganese sulphate, on pigment formation was studied. A decided difference in behavior of the various strains of yeast towards the iron and manganese compounds was noted. Strain 85-1 responded far more to the iron salts than either strain 24-1, or 95-6. Of the various compounds, iron lactate proved the best stimulant forpigment production. The other compounds, e.g., iron citrate and iron amnmonium citrate also favored pigment production. The manganese salts apparently promoted growth but did not bring about an increase in the pigment formation.
Sugara. In order to overcome as much as possible the breaking down of the sugars from the high heat, concentrated solutions of sugars in water were sterilized and added to the culture medium when cool. Three sugars were studied; xylose, glucose and maltose in 2 per cent solutions. Each strain of yeast was grown in triplicate on agar slants, containing each sugar, and these cultures were incubated at 20°to 220C, At regular intervals, usually of 1 week each, these cultures were examined for rate of growth and pigment production.
All three strains showed by far the most rapid growth in the glucose medium, with maltose next in order, and xylose last. The decided difference between growth and pigment formation is brought out in a striking manner from the results of this test. Without exception the easily fermentable sugar, glucose, gave a profuse growth and only a trace of pigment. Somewhat similar results were obtained with maltose although a pale pink was noted. In the presence of xylose these yeasts grew slowly but produced a decided pink color. From these results it is clear that the sugar, xylose, which is fermented only with diffitulty is the best one of the three for pigment production. After thirty days the glucose cultures entirely lost their color while the other cultures became a deeper pink. Our results agree with those of Grosbusch, who found that the best color was obtained in the case of the non-fermentable sugars, arabinose and raffinose. Sodium chloride. The influence of salt on pigment production naturally suggested itself since it has been reported by many experienced makers of sauerkraut, that high concentrations of salt caused the reddening of the kraut. Sodium chloride in concentration of 2 and 4 per cent was added to triplicate tubes of the glucose, maltose and xylose agar media. These tubes were inoculated with each yeast. 2.5 per cent salt is the approximate amount used in the manufacture of commercial kraut. In table 1 are given a summary of the results of these tests. The cultures plus salt developed much more slowly at first than those without salt, but after two weeks this retardation was not so noticeable. In the glucose series, culture 24-1, no salt, the pink color began to fade to a pale pink at the end of two weeks, while in the presence of salt a brilliant pink pigment persisted. These cultures were kept for 6 weeks but without any loss of color, save in the no-salt group. Instead of a loss, the older cultures of the salt group showed a greater amount of pigment and a deeper color. Somewhat similar results were secured with the other strains of yeasts although the intensifying effect of salt was not so noticeable. It seems safe to conclude that sodium chloride even in large amounts exerts a favorable effect on pigment production. This favorable influence in not noticeable until the cultures are several weeks old.
PRODUCTION OF PINK SAUERKRAUT BY INOCULATION W YEASTS
In large glass percolators of 2 liter capacity 1000 grams of cut cabbage were packed. The outside lea-ves and core of the raw cabbage were removed, it was cut on a small shredder and salt was added. Part of the cabbage was inoculated with cultures of the yeast isolated from pink kraut. The entire mass was packed into the percolator and weighted down with a bottle of sand or mercury, that weighed 1 kilo and which fitted closely in the top of the percolator. The lower end of the percolator was fitted with glass wool, and below this was inserted a one hole rubber stopper fitted with a glass tube. Through this glass tube, which was sealed at one end with a rubber tube and screw clamp, samples.of the fermenting liquid were removed from time to time and the total titratable acidity measured. For comparison, samples were also taken from the top of the percolators and titrated. No yery decided difference was noted in titration figures from the different parts of the same container.
Since it is highly important to note the color changes during fermentation, percolators were found especially suitable for this study.
The plan of this experiment follows: After four days the cabbage in percolators, numbers 3, 4, and 5 showed numerous pink colored spots and two days later the the entire mass became pink throughout. The pink pigment of numbers 3 and 4 especially increased with age, until at the end of two weeks the plant tissue was a deep red or a purplish red color. This increase in color as the kraut aged, was not noted in the cabbage inoculated with 85-1. When four weeks old the kraut was removed and examned.
Numbers 1 and 2 were sour, rather tough and judged of fair quality. Direct microscopic mounts showed a preponderance of bacteria.
Numbers 3 and 4 were bitter with an unpleasant flavor. Microscopic mounts showed an almost equal number of yeasts and bacteria.
Total acid determinations, made at two-day intervals failed to bring out any very striking differences; in general the containers with yeasts showed less acid at the end of the experiment than the untreated controls. The total titratable acidity at the time of opening is given below: An explanation for this condition may be found from a study of pure cultures of yeasts and bacteria common to sauerkraut.
Yeasts can live in the presence of high concentrations of salt while the bacteria commonly associated with kraut are not so resistant.
Support for this statement is given in the figures of table 3. Here the influence of varying amounts of sodium chloride on a pure culture of lactic acid bacteria was studied. This lactic acid organism was isolated from normal sauerkraut. About 4 per cent of salt is the critical concentration for this organism.
Orla-Jensen (1919) has carried out an extensive study of the influence of sodium chloride on acid production by various types of lactic acid bacteria. He found that the common forms of lactic acid bacteria, the Bacterium lactis-acidi, Lactobacillm bulgarius, and other types are slightly retarded by 2.5 per cent of salt. On the other hand, certain of the rod-forms of lactic acid bacteria isolated from plant tissue are not retarded in the least by this concentration of salt. In the presence of larger amounts of salt (5.5 per cent), all of the rod forms of lactic bacteria are injured. A concentration of not more than 2 to 4 per cent of salt would not seriously retard the growth of the yeast and would favor its production of pigment.
EFFECT OF HIGH ACID FORMING BACTERIA ON THE PRODUCTION OF PINK SAUERKRAUT
The use of bacteria which would ferment the sugars of the cabbage juice rapidly naturally suggests itself as a means of combating the growth of pink yeasts. If great numbers of acid producing bacteria are seeded in the raw cabbage then it is possible that they will so dominate the fermentation that the wild yeasts will not be able to exert any well defined effect on the kraut. The fallacy of this assumption, however, is clearly seen from the results of table 4. As in the preceding tests large percolators with 1000 grams each of raw cabbage were used. The data include the results of four separate tests carried out at different times. In every case before the end of the fermentation period the cabbage to which acid was added or which was inoculated with high acid-producing bacteria turned pink. Apparently the high acid production which followed inoculation favored the growth of pink yeasts. Direct microscopic mounts made from this pink sauerkraut furnished support for this statement When opened, the inoculated kraut showed great numbers of yeasts. Some idea of the rate of acid formation may be gained from the figures in this table. In the early stages of fermentation, without exception, the kraut seeded with aciduric bacteria showed a much greater quantity of acid than the control kraut. This difference is especially noticeable in the titration figures of the first four or five days. After eight days, conditions changed and before the end of the fermentation the control krauts were far more acid than the inoculated krauts. Culture 124-1 which is a high acid former from pentoses and other sugars is especially favorable for the development of the pink yeasts. On the other hand the non-pentose fermenter Bact. lactis-acidi which SUMMARY The pink or red color of sauerkraut is due to the growth of certain yeasts or torulae. Although these organisms are commonly found in great numbers in kraut, they frequently fail to show any pigment. The production of pigment is not a fixed characteristic but depends upon many factors. The following conditions influence the formation of color: kind of sugar, amount of sugar, amount of sodium chloride, reaction, temperature, and oxygen supply. The chief factors in the production of pink sauerkraut are high temperature, high salt concentration and high acid content. When cabbage is allowed to ferment at a temperature of 20'C. or above a pink pigment is frequently noted. Almost without exception, cabbage fermented in the presence of large amounts of sodium chloride, 3 per cent or more, showed a decided pink or red color. High acid producing bacteria as well as the direct addition of acids to cabbage favor the development of pink kraut.
